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1. Summary of the impact (indicative maximum 100 words)
Research into 3D visualisation of shipwreck sites with historical significance or that pose a threat to
the environment e.g. Costa Concordia, Deepwater Horizon, has led to multiple impacts:

¢ Changes in the business practices of international salvage companies
o Environmental clean-up of disaster sites
e Providing virtual access for the general public to maritime heritage sites

The research also led to the formation of a University spin-out company (ADUS) which surveys
and visualises shipwrecks with great detail and accuracy. This informs critical decision-making
during salvage, wreck removal and environmental clean-up operations.

2. Underpinning research (indicative maximum 500 words)

Key Researchers: Rowland PI (SL, Dundee University), Anderson (RA, Dundee University)
Rowland has developed the underpinning research,?** which focusses on novel methods for
visualising multi-beam sonar data of underwater historic shipwreck sites. The 3D visualisation
research was instigated by Rowland'’s interest in visualisation aesthetics and undersea
environments, first evident in the New Media Scotland, Alt-W award for Submerge. This work was
further developed and applied to artefacts gathered from the Swan shipwreck site and over fifty
other wreck sites worldwide.

WreckSight'¥), an interactive software application, was developed by Rowland for both specialist
and general audiences. This software exploits the research and implements it in real time, allowing
users to interact with and explore the shipwreck visualisation in 3D. Two novel visualisation
methods; Occlusion Objects and Locoramps, address specific problems inherent in the display of
point clouds from multi-beam sonar and by applying digital cinematography, depth perception is
improved:

e Occlusion Objects prevent the viewer from seeing through gaps in the data, thus improving
visual depth cueing and improving the viewer’s perception of the structure of a shipwreck.
Traditional methods of surfacing sonar data result in important details such as cracks in the hull
being hidden. Occlusion Objects retain these details while removing parallax errors caused by
seeing through to the far side of the data set.

e Locoramps (Locally Oriented Colour Ramps) allow the careful placement and orientation of
colour to specific features in the data to clearly highlight fine detail. By default, multibeam sonar
contains no colour information. By aligning custom colour ramps to specific features of the
wreck, and adjusting the colour threshold within the ramp, it is possible to separate the details
from the background making them much easier to locate and identify.

¢ Digital Cinematography techniques were applied to improve the viewer's depth cueing. By

moving virtual cameras around the data, depth perception and spatial understanding improves.

This is referred to in “gestalt” theory where the brain looks for meaning in visual patterns. By

moving the viewer’s position, the structure of the wreck was better revealed in the data.
Applying the research in real world projects by employing a cycle of research-case study-review-
research has led to direct feedback on research understanding. The research has been applied to
high profile international environmental salvage projects including the Costa Concordia®? in Italy
and the Deepwater Horizon"> oilrig in the Gulf of Mexico and HMS Royal Oak (2006)"!. The
Costa Concordia is the largest wreck removal project ever carried out (£520 million and rising) and
the Deepwater Horizon caused the biggest oil spill in US history.

Project funding includes: Ministry of Defence, G8, NATO, Department for Transport, Maritime and
Coastguard Agency, National Oceanic and Atmospheric Administration, English Heritage and
Historic Scotland. Exclusive access was given to global underwater sites with challenging access
and visualisation opportunities to investigate, extending research knowledge. The research
portfolio has now extended to engage issues relating to the rapidly expanding offshore renewables
and oil and gas decommissioning industry (e.g. Statoil (Norway) and Barrow Offshore Windfarm).
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3. References to the research (indicative maximum of six references)

1. WreckSight: Visualising our Submerged Heritage. VAST2010, Le Louvre, Paris. Published by
Eurographics. ISBN 978-3-905674-29-3 (Rowland REF2) The development of Occlusion
Objects and Locoramps as they are applied in real time were described in this research paper.
The paper describes how the research outcomes were incorporated in a software application
(Wrecksight) and further developed to address the requirements of salvage and maritime
heritage industries.

2. At Depths with Computer Graphics, Front Cover and Article: Visualising the Invisible. Computer
Graphics Quarterly, Volume 40 No. 3, November 2006. Published by ACM, ISSN: 0097-8930
http://dl.acm.org/citation.cfm?doid=1186743.1186747

3. 3D Visualisation of Historic Shipwrecks. CAA 2007: Layers of Perception. Berlin, Germany. 2nd
to 6th April, 2007. Paper: ISBN:978-3-7749-3556-3

4. The Fallen Oak. SIGGRAPH Computer Animation Festival 2007. San Diego, USA. August 5th
to 9th 2007. Published by ACM. ISBN: 978-1-59593-693-6

5. The key outputs from the research are interactive 3D visualisations for each project. These are
accompanied by white papers detailing findings. In some of the salvage related cases these
are not available in the public domain due to commercial or legal sensitivities. Where this is the
case, copies are supplied for review by the REF panel on request.

Salvage and Environmental Projects:

5.1. Deepwater Horizon Oil Rig (2010): The rig exploded and sank to 1,500 metres in the Gulf
of Mexico in April 2010 creating the biggest oil spill in US history. ADUS were invited to
survey the wreck in collaboration with Transocean to support US government
investigations into the cause and effect of the disaster. 3D visualisation methods were
adapted to cope with the very large dataset and distortion caused by extreme depth to
provide an interactive representation of the wreck revealing its condition upside down on
the seabed. Digital artefact: WreckSight and white paper report. (Rowland REF2).

5.2. Costa Concordia (2012-13): The cruise liner ran aground at Isola del Giglio, Tuscany in
January 2012 with a loss of 32 lives. Titan Salvage proposed a “parbuckling” method to
remove the wreck. This involved rolling the wreck onto an underwater platform prior to re-
floatation and removal. ADUS provided a full metrical dataset of the wreck prior to
parbuckling, accurate to 25mm and further post-op data to reveal the damage to the
submerged starboard side. The 3D visualisation combines laser data of the coastline and
above sea-level section of the wreck with sonar data of the submerged section and
surrounding seabed. The salvage operation is estimated to cost over £600m. Digital
artefact: WreckSight and white paper report. (Rowland REF2).

5.3. HMS Royal Oak (2006): The battleship was sunk at anchor in Scapa Bay, Orkney, in
October 1939 by U-47 with a loss of 833 personnel. The wreck is a designated war grave,
which still contains munitions and has been leaking marine oil into the environment for
over sixty years. The MoD’s Salvage and Marine Operations Group commissioned the
ADUS team to survey and visualise the wreck and surrounding seabed to establish its
condition and potential threat to the environment. The resulting 3D visualisation
successfully identified the location and order of the four torpedo strikes which sank the
ship (contradicting earlier literature which suggested a minimum of 5 hits) while confirming
that the wreck was in remarkable condition and unlikely to collapse in the short term. 3D
Visualisation on DVD and white paper report. (Rowland RAE 2008).

Projects were funded directly from Government departments with additional grants for software
development. Those involving collaboration with salvage companies were funded directly from
those companies. Rowland, Dean, Lawrence, (ADUS): Combined salvage project funding circa
£400,000 (Managed via Department of History, St Andrews University). 2006 - 2010

Rowland: Alt-W, New Media Scotland: Award 2001, £5000

Rowland: Software Development Grant, Scottish Enterprise Tayside: 2007-8 £23,000
Rowland: Orkney Heritage: In collaboration with Wendy McMurdo, NESTA: 2006, £5,000
Rowland: RASSE Project, English Heritage, Award 2008, £5,000

Rowland: 3D Visualisation for Offshore Renewables, ADUS Deepocean: 2013, £200,000.
Further examples of projects involving collaboration with salvage companies and Heritage
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Agencies are represented on the ADUS website: http://www.adus-uk.com/wreck-images

4. Details of the impact (indicative maximum 750 words)

The main areas of impact from this research are the change in business practices on the
international maritime salvage industry for wreck removal and environmental clean-up operations
along with an improvement in public accessibility of maritime heritage sites.

The development of novel 3D visualisation methods for displaying high resolution multi-beam data
through Rowland’s research, combined with Dean and Lawrence’s data collection methods, led to
successful Government funded projects: e.g. HMS Royal Oak, SS Richard Montgomery and B159.
Publicity resulting from these projects led to opportunities in the salvage and wreck removal
industry where previously multi-beam sonar had not been considered useful beyond pinpointing
the location of a shipwreck. This growing commercial interest led the ADUS research team to
establish the spin out company ADUS Ltd (Advanced Underwater Surveys) in 2008. The company
was partially acquired (50%) by Deepocean Ltd in 2013 and renamed ADUS-Deepocean!. ADUS
has an exclusive licence to the 3D visualisation methodologies developed from the research.

Salvage and Wreck Removal:

The research has impacted on the maritime salvage industry through the provision of high
resolution, highly accurate 3D visualisations of underwater sites, supporting risk assessment and
critical decision-making for planning and execution of wreck removal operations. Prior to the
development of the research, salvage companies relied heavily on diver based surveys which are
hazardous and restricted by depth and environmental conditions (sea state, visibility etc).

Through ADUS and its often high profile work (Deepwater Horizon Oil Rig, Costa Concordia), the
research is leading to an elevation of standards in the salvage and wreck removal industry and a
growing demand for the improved 3D visualisation the research underpins.

Implementation of the visualisation techniques in WreckSight has allowed salvage planning and
wreck removal to be based on accurate 3D data presented in an interactive interface. The 3D
visualisation allows the data to be viewed from any angle whereas data from diver surveys
(drawings, photographs) is limited to 2D views which are further restricted by levels of visibility in
the water.

The Costa Concordia project® produced an accurate metrical dataset of the entire ship which was
supplied to the salvage team ahead of operations. This was enhanced with subsea laser, in-air
laser and photogrammetry data. The 3D visualisation was used by the salvage team to plan wreck
removal operations, including the placement of significant sub-sea engineering works within a
tolerance of 25mm.

MV New Flame, a Panamanian bulk carrier, sank off Gibraltar in 2007 was another example of the
research being effectively employed in salvage operations. The project involved two surveys and
visualisations (2008-09). The first, prior to salvage was used for risk assessment and planning.
This revealed large amounts of cargo still remaining in the main section of the wreck had
previously been undetected. The salvage plan was amended to remove the cargo prior to lifting the
wreckage otherwise the lift would not have been possible. The second survey revealed that the
savage team had missed a significant piece of upstanding wreckage which, if undetected would
have caused a major hazard to shipping.

Maritime Heritage:

The research’s impact is also in the provision of virtual access to previously inaccessible maritime

heritage sites for the general public. The interactive visualisations in WreckSight and 3D

animations and images of the shipwrecks are distributed online and placed in museums for wide
public access™"! (e.g. Lyness, Orkney).

e The Battle of the Atlantic Project! (2011-2013) was funded by the US National Oceanic &
Atmospheric Administration (NOAA): National Marine Sanctuaries. The project explores the
site of the Battle of Convoy KS-520 which took place off North Carolina in 1942. A number of
vessels lost in action are visualised interactively in WreckSight. These include U-Boats and the
merchant vessels they sank. The WreckSight volume is being used by the National Marine
Sanctuaries to promote the history of the site to a wider public audience. This work (2012-13),
led to the commission of a further investigation into a US Civil War wreck; CSS Georgia which
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sank in the Savannah River, Georgia, USA,1864.

German WWI High Seas Fleet was scuttled in Scapa Flow, Orkney in 1919. Eight wrecks,
which are regularly visited by sport divers were visualised in 2007. This project was the first to
use the WreckSight software, which was distributed to dive boat operators at Scapa Flow to
support safer dive planning. Supported by Historic Scotland, the shipwreck data was used in
2011 as a basis for the 3D illustrations on the www.scapaflowwrecks.com website promoting
diving in the area. Scotland on Sunday newspaper®® published a full-page article on the Royal
Oak project, including images of the wreck and interviews with family members of the victims.
This led to BBC news coverage!™ on TV and Radio, linking the 3D visualisation research to the
oil clean-up operation. A review of the Scapa Flow edition of Wrecksight was published in
Diver Magazine!® and images from the Royal Oak visualisation feature on the Scapa Flow
Wrecks web site (2011). A number of articles describing the research and its application for
dive planning were published in the popular diving press e.g. Diver Magazine™®.

5. Sources to corroborate the impact (indicative maximum of 10 references)

a)
b)

c)
d)

e)

f)

)

K)

Picture Perfect: The Fallen Oak. Feature article in Scotland on Sunday newspaper:
http://www.scotsman.com/news/scotland/top-stories/picture-perfect-the-fallen-oak-1-1415434
The Material World. BBC Radio 4:

http://www.bbc.co.uk/radio4/science/thematerialworld 20070208.shtml

The Royal Oak images on the Scapa Flow Wrecks website:
http://lwww.scapaflowwrecks.com/wrecks/royal-oak/wreck.php
http://www.divernet.com/Diving Gear/diver tests/232100/visualiser wrecksight scapa flow e
dition.html

Scapa Flow in 3D Diver Magazine:

http://lwww.divernet.com/Wrecks/159269/scapa _flow in_3d.html Versions of this article were
republished in Danish and Norwegian diving magazines (Dyk and Dykking) and also the US
Sport Diver magazine.

Submerge: Shipwreck visualisation project funded by the Alt-W scheme and selected for the
retrospective exhibition at CCA in 2008:Alt-W: New Directions in Scottish Digital Culture.
http://www.mediascot.org/alt-w/exhibition/08

Costa Concordia Parbuckling Project: http://www.theparbucklingproject.com/

Portrait of a Shipwreck. SIGGRAPH 2007-2009, Travelling Art Show. Furlong Gallery,
University of Wisconsin-Stout, USA January 29th to February 21st, 2008. The Niswonger
Digital Media Center, East Tennessee State University. September 1st to 26th 2008.

DigitalEyes: New Esthetic Dimensions in Computer Visualisation Technology. Los Angeles
Municipal Art Gallery, USA. November 6th 2008 to January 18th 2009. GlobalEyes.
SIGGRAPH 2007 Digital Art Gallery, San Diego, USA. August 5th to 9th 2007. Published by
ACM, ISBN:978-1-59593-646-2 http://www.digitaleyes2008.org/?q=art-royal-oak

Fishing With Sound: An Aesthetic Approach to Visualising our Maritime Heritage. EVA London
2011. Electronic Visualisation and the Arts. ISBN 978-1-906124-88-5
http://dl.acm.org/citation.cfm?id=2227241

http://sanctuaries.noaa.gov/missions/2010battleoftheatlantic/ Digital artefact: WreckSight.
(Rowland REF2)
http://www.hydro-international.com/news/id6149-DeepOcean_Owns__Interest in ADUS.html|
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